leaves.
The Mr 22,000 polypeptide has been localized in the outer membrane, whereas the two other peptides have been attributed to the inner envelope membrane (Joyard et al., 1983) . The Mr 29,000 polypeptide has been identified as the "phosphate translocator" (Flugge and Heldt, 1979) .
In this investigation, we studied the three envelope polypeptides For immunogold labeling of the cryostat sections, the incubation with primary antibodies and the three washes with PBS-BSA were followed by an incubation with protein A-colloidal gold (diluted with PBS-BSA) for 1 hr at room temperature. After repeated washes (see above), the sections were fixed with 3% (wt/vol) glutaraldehyde followed by 2% (wt/vol) osmium tetroxide and were then stabilized by embedding in agar. After transfer from slides into micro test tubes, specimens were dehydrated with ethanol and embedded in epoxy resin (Spurr, 1969) .
Processing of Isolated Chloroplasts.
Intact chloroplasts
were isolated by a modified procedure described
by Mills and Joy (1980) and Stitt and Heldt (1981) . Deveined leaves (8 g) were homogenized for 3-4 sec in 35 ml of chilled grinding medium (330 mM sorbitol, 50 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES), 1 mM MgCl2, 1 mM MnCl2, 2 mM ethylenediaminetetraacetic acid (EDTA), adjusted to pH 6.8
with NaOH)
with an Ultra-Turrax. The homogenate was passed through four layers of nylon net and was centrifuged for 80 sec at 700 g. The pelleted chloroplasts were resuspended in 5 ml medium A (a medium haying the same composition as the grinding medium but adjusted to pH 7.6) and were layered on
A. After centrifugation for 10 mm at 1050g the pelleted chloroplasts were resuspended in 2 ml medium A. Chloroplasts were fixed (2.5 hr at 4'C) by adding formaldehyde and glutaraldehyde that had been dissolved in medium A to final concentrations of 4% and 1% (wt/vol), respectively. The fixed chloroplasts were washed twice with PBS-BSA (centrifugation for 3 sec in a Microfuge; Beckman, Munich, FRG) and were further incubated for 1 hr at room temperature with primary antibodies diluted in PBS-BSA. The incubation was terminated by two washes in PBS-BSA (as above).
Ikr indirect immunofluorescence, the chloroplasts were labeled with FIlE-coupled secondary antibodies (1 hr at room temperature). After three washes with PBS-BSA, the pelleted chloroplasts were resuspended in 1 ml of PBS-BSA-glycerol plus p-phenylenediamine (see above). Br immunogold labeling, the chloroplasts were incubated with protein A-colloidal gold for 1 hr at room temperature, followed by three washes with PBS-BSA. Immunogold-labeled isolated chloroplasts were resuspended in 1 ml PBS-BSA and processed for electron microscopy by one of the three following procedures.
Ultrathin sedtioning.
After fixation with osmium tetroxide, chloroplasts were dehydrated with ethanol and embedded in epoxy resin (Spurr, 1969 
Results

Indirect Immunofluorescence
The Mr 22,000, 29,000, and 36,000 polypeptides were visualized by indirect immunofluorescence in cryostat sections of formaldehyde-fixed spinach leaves.
By this method, all three membrane polypeptides were detected in the spongy and palisade parenchyma cells and in guard cells as well. As an example, the visualization of the M 36,000 polypeptide (which is attributed to the inner chloroplast envelope membrane) is shown in Figure  1 . At higher magnification, fluorescence for the three polypeptides is seen to be enhanced in the periphery of the chloroplasts ( Figure   2 ). Fluorescence intensity was approximately equal with all three polypeptides.
The Mr 22,000, 29,000, and 36,000 polypeptides were also visualized in the chloroplast envelope of stomatal cells, as shown in Figure   3 for the M 29,000 polypeptide (phosphate translocator).
The visualization of the two other polypeptides resulted in micrographs indiscernible from that shown in Figure 3 -This mdicates that mesophyll and guard cell chloroplasts are closely similar in these three major membrane constituents. Branton et al. (1975) .
PF and PF0: plasmic fracture face of the inner and outer membrane, respectively; EF and EF0: exoplasmic fracture face of the inner and outer membrane, respectively; PS0: plasmic surface of the outer envelope membrane. By freeze-etching (a) the Mr 22,000 polypeptide of the outer envelope membrane (Mo) is visualized in membrane surface areas (PS0) exposed by the etching process.
For sake of clarity the immunogold marker has been drawn as dots attached to, rather than (as in reality) enclosed by, the replica. In labelfracturing (b) bleaching of the freeze-fracture replicas is omitted. Therefore, chloroplast membranes, together with the adhering immunogold marker, remain attached to the replica (open arrows). Immunogold label is visible together with both the PF0 and EF, fracture faces. fracture faces ( Figure  7 ; Pinto da Silva and Kan, 1984) . As shown in Figure 9 , the Mr 22,000 polypeptide was randomly distributed over the entire envelope surface. Figure 7) . The colloidal gold marker is restricted to the PS1, surface. Original magnification x 15,700. Bar = 0.2 m. Figure 9 . Immunogold labeling ofthe Mr 22,000 polypeptide in isolated fixed chioroplasts. Label fracture (see Figure 7) . Original magnification
x 27,000. Bar = 0.5 him. -:
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. properties (Terashima  and Inoue , 1984, 1985 Figure 6 ), on the thickness of the specimen, and on an average circumference of the cross-sectioned chloroplasts.
All 
